The effect of antibiotic prophylaxis on bacteraemia was assessed in 60 oral surgery operations. Fifty-one patients were divided in three groups receiving a 2 g dose of phenoxymethylpenicillin, a 0-5 g dose of erythromycin or no prophylaxis. During operation, the total numbers of bacteria were lower in the antibiotic groups than in the non-treatment groups (P<0-05). The number of patients with anaerobic bacteraemias, however, were similar in all three groups. The incidences of bacteraemia 10 min after operation were significantly lower in the antibiotic groups (P<0-05). The minimum inhibitory concentrations (MICs) of phenoxymethylpenicillin were below 2 mg/1 in 93% of the strains and the minimum bactericidal concentrations (MBCs) were below this value in 80% of the strains. The MICs of erythromycin were below 2 mg/1 in 80% of the isolates, and the MBCs were between 4-32 mg/1 in 62% of the isolates.
Introduction
Antibiotic prophylaxis with oral phenoxymethylpenicillin or erythromycin in patients allergic to penicillins has been recommended in oral surgery for patients at risk of developing endocarditis (American Heart Association, 1977; Back & Svanbom, 1980) . The patient's compliance with the recommended eight follow-up doses, however, is reported to be low (Brooks, 1980) . Therefore Keys (1982) has outlined recommendations using only three follow-up doses and regimens with only one or two 3 g doses of amoxycillin have also been adopted (Working Party of the British Society for Antimicrobial Chemotherapy, 1982) . By studying the effect of prophylactic antibiotics on bacteraemia, an indirect assessment of the efficacy of prophylaxis can be obtained. Thus, phenoxymethylpenicillin reduced the incidence of bacteraemia in patients undergoing dental extractions (Shanson, Cannon & Wilks, 1978) . Erythromycin prophylaxis, beginning 18 h prior to operation, also reduced the incidence of bacteraemia after oral surgery (Schirger, Waite & Martin, 1968) . In a comparative study phenoxymethylpenicillin was more effective than erythromycin in preventing bacteraemia subsequent to dental extraction (Osborn el al., 1984) . The prophylactic antibiotic regimens are primarily designed to eliminate viridans streptococci, but increasing attention is being paid to anaerobic bacteraemia and endocarditis (Nord, 1982; Head et al., 1984) .
The aim of this study was to study the prophylactic effect of oral phenoxymethylpenicillin and oral erythromycin on the incidence and type of bacteraemia subsequent to oral surgery, using an improved lysis-filtration technique for isolation of micro-organisms from blood. The antibiotic concentrations in blood before, during and after operation were determined as well as the antibiotic susceptibility of the isolated microorganisms.
Materials and methods

Patients
Fifty-one patients, 28 males and 23 females (median age 25 years, range 15-70), were referred to the Department of Oral Surgery, Huddinge University Hospital, Karolinska Institute, Stockholm, Sweden, for surgical removal of one or two impacted (no communication with the oral cavity) or partially erupted (communication with the oral cavity) third molars of the mandible. Patients with evidence or history of allergy to penicillins, cephalosporins or erythromycin, or cardiovascular, renal, hepatic or genitourinary disease were excluded, as were pregnant women. Patients with existing infection in their mandibular third molars were also excluded. No other medication except analgesics and oral contraceptives were allowed during the investigation period. The subjects had not taken any antibiotics during the two weeks prior to surgery. The analgesic used was 0-5-1 0g acetylsalicylic acid (Bamyl-S R , Hassle, Molndal, Sweden). The study was approved by the Ethnics Committee of Huddinge University Hospital, Stockholm, Sweden. The subjects gave their informed consent.
Antibiotics
Phenoxymethylpenicillin potassium tablets of 1 g (Kavepenin") and capsules containing enteric-coated pellets of 250 mg erythromycin base (Ery-Max R ) were from Astra Lakemedel AB, Sodertalje, Sweden.
Design of study and antibiotic prophylaxis
A total of 60 operations were performed in 51 patients. In 20 operations the patients received a single oral 2 g dose of phenoxymethylpenicillin 1-1-5 h preoperatively, in 20 a single oral 0-5 g dose of erythromycin 1 -5-2-5 h before operation, and in 20 control operations the patients received no antibiotic before operation. Because of differences in the pharmacokinetic properties of the two antibiotics, adjustments of the timing of the dose in relation to operation were necessary, and thus it was not possible to run the study double-or single-blind. All operations were performed by one of.two surgeons (A. H. and L. v. K.) using local anaesthesia and a standardized operation technique. The durations of the operations were recorded.
Blood and saliva sampling
Blood samples (8 ml) were drawn by means of an indwelling catheter placed in the cubital vein of the arm opposite the wisdom tooth to be removed, into Vacutainer R tubes with sodium polyanetholsulfonate (SPS, 1 -7 ml of a 0-35% solution; Becton Dickinson & Co., Rutherford, N.J.). Prior to sampling, the skin was washed with chlorohexidineiodine. The samples were taken 3-14 min before the start of the operation, during the operation, and again 10 min after placing of the last suture. Saliva samples were obtained by spitting into sterile glass cups immediately before the start of the operation.
Assay of antibiotics in serum
The serum concentrations of phenoxymethylpenicillin and erythromycin were determined by an agar diffusion method using paper discs and Micrococcus luteus (ATCC 9341) as the indicator strain (Jailing et al., 1972) .
Blood culture techniques
The blood samples were injected within 10 min into 190 ml of a lysing-solution consisting of 008% Na 2 CO 3 and 0005% Triton X-100 plus 3ml of a 20-ml dilution of streptokinase-streptodornase (Varidase R , Lederle Laboratories, U.S.A.). Vacuum filtration was performed in a 0-45 urn filter system (Millipore AB, Solna, Sweden). The lysis-filtration system has been evaluated for anaerobic bacteria by Heimdahl, Josefsson & Nord (1984) and for aerobic micro-organisms by Sullivan, Sutter & Finegold (1975) . After filtration, the divided filters were placed on two blood agar plates for aerobic and anaerobic cultivation, at 37°C for 10 days.
Identification of micro-organisms
Aerobic bacteria were identified biochemically as described elsewhere (Heimdahl & Nord, 1979) and anaerobic bacteria identified by biochemical tests and gas-liquid chromatography (Holdeman, Cato & Moore, 1977) .
Antibiotic susceptibility tests
The minimum inhibitory concentrations (MICs) of phenoxymethylpenicillin and erythromycin were determined by an agar dilution method (Dornbusch, Nord & Wadstrom, 1974; Ericsson & Sherris, 1971 ). An agar plate without antibiotic was included as a growth control as were control strains with known MICs. Aerobic plates were examined after 24 h incubation and anaerobic plates after 48 h incubation in anaerobic jars (GasPak, BBL, Cockeysville, Maryland, U.S.A.). Minimum bactericidal concentrations (MBCs) and MICs were also determined by a tube broth dilution technique using peptone-yeast-glucose broth as substrate for the anaerobes and Brain Heart Infusion broth (Difco Laboratories, Detroit, Michigan, U.S.A.) for the aerobes. A quantitative cell count of the inoculum was performed using viable counts (30-300 colonies) on blood agar plates (Lorian, 1980) . The MBC was determined by spreading 001 and 0001 ml from tubes showing no turbidity onto conventional blood agar plates and also onto blood agar plates, containing penicillinase (Bacto-Penase Concentrate, Difco Laboratories, Detroit, Michigan, U.S.A.). The aerobic colonies were counted after 24 h and the anaerobes after 48 and 96 h incubation at 37°C. The MBC was defined as the lowest concentration of antibiotic which killed 99-9% of the initial inoculum.
$-lactamase assay
Strains with a phenoxymethylpenicillin MIC above 4 mg/1 were tested for (5-lactamase production by a slide iodometric assay (Murray & Rosenblatt, 1977) and by a nitrocefin assay (Olsson, Dornbusch & Nord, 1977) .
Statistics
Differences in incidences were analysed by chi-square test or McNemar test (Daniel, 1978) , depending on whether samples were independent or related. Differences in the age of patients and the length of operation in compared groups were tested by the Mest.
Results
There were no significant differences in mean length of operation between the three groups of patients; 12-4 min (range 7-22) in the penicillin group, 11-8 min (range 5-21) in •Isolates judged to be due to contamination the erythromycin group and 13-6 min (range 8-25) in the non-treatment group. The mean ages in the corresponding groups were 29 years (range 15-70), 25 years (range 21-31) and 25 years (range 22-34). There were no side-effects recorded in the three groups of patients.
Incidence and type of bacteraemia
In total 111 isolates were obtained from 45 positive blood samples (Table I) . Isolates of skin commensals such as Staphylococcus epidermidis and Propionibacierium acnes were considered to be due to sampling or laboratory contaminations of blood samples if the isolates were not also found in saliva. Ninety-two percent of the isolates were isolated during operation. Bacteraemia was present during operation in 50% of the patients in the penicillin group, 55% in the erythromycin group and 55% in the non-treatment group. The corresponding incidences of bacteraemia caused by viridans streptococci were 10%, 20% and 40%, respectively. Ten minutes after the operation, the total incidences were 15% and 20% in the two antibiotic groups and 30% in the nontreatment group (P<005). One aerobic and 17 anaerobic isolates were recovered from patients given penicillin (Table I ). The corresponding numbers were 6 and 30 for the erythromycin-treated and 12 and 37 for untreated patients. The average number of different isolates for patients receiving penicillin (10) was significantly lower (P<005) than that for patients receiving erythromycin (1-9). The number of isolates in the erythromycin group was also significantly lower (P<005) than in the non-treatment group (2-6). There was no correlation of incidence, type or magnitude of bacteraemia with the surgeon involved, operation time or age of the patients. Four to ten different species were isolated from those patients who had bacteraemia both during and after operation. Polymicrobial bacteraemia was least frequent in the penicillin-treated patients (2) and most frequent in the untreated patients (6). Two of the three patients in the erythromycin group with bacteraemia during and after operation were found to be 'late absorbers'. The third patient, where eight different species were isolated, had normal serum levels of erythromycin during and after operation (2-8 and 1-5 mg/1).
Serum concentrations of antibiotics
The mean serum concentrations of phenoxymethylpenicillin or erythromycin in patients with and without bacteraemia did not differ significantly. Thus median penicillin concentrations in serum during operation were 40mg/1 (range 2-4-5-9) in patients with positive and 3-8 mg/1 (range 1-2-6-3) in patients with negative blood cultures. The corresponding concentrations for erythromycin were 1-5mg/1 (range <0-25-3-4) and 1-7 mg/1 (range < 0-25-3-7). The median serum obtained before operation were 4-5 mg/1 (range 1-3-7-5) for penicillin and 1-4 mg/1 (range < 0-25-3-9 mg/1) for erythromycin. After operation, the median serum levels were 3-3 mg/1 (range 1-1-5-4) for penicillin and 1 -4 mg/1 (range < 0-25-2-7) for erythromycin.
Micro-organisms isolated from blood specimens
Eighty-four of the 103 significant isolates were anaerobes. The most commonly detected anaerobes were in the genera of Streptococcus (15), Peptococcus (9), Veillonella (10), Actinomyces (18) and Bacteroides (10) ( Table I ). There was a predominance of viridans streptococci (7) and staphylococci (9) among the 19 aerobes. Microbiological findings obtained in those patients who were operated twice are given in Table II .
Minimum inhibitory concentration and minimum bactericidal concentration
The minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs) were determined with a tube dilution method for 84 isolates (Table III) . The MICs for 99 isolates, determined by the agar dilution method, were similar to the MICs obtained by the tube dilution method, and are not included in Table III .
MICs and MBCs for phenoxymethylpenicillin. All but two of 68 anaerobic bacteria were susceptible (MIC < 013 mg/1). Two strains identified as Veillonella parvula and Bacteroides spp. were resistant (MIC > 8 mg/1). Two aerobic strains, Str. faecium and Staph. epidermidis, were also resistant (MIC > 8 mg/1). The staphylococcal strain produced pMactamase. The MBCs for phenoxymethylpenicillin were similar to the MICs except for peptococci and some isolates of Eubacterium and Bacteroides. MICs and MBCs for erythromycin. Sixteen anaerobic strains were resistant (MIC > 4 mg/1) to erythromycin: Veill. parvula (7), Pept. asaccharolyticus (2), Pept. prevotii (1), Pept, saccharolyticus (1), Eubacterium spp. (1), Bacteroides spp. (3) and Fusobacterium nucleatum (1). These bacteria were susceptible to phenoxymethylpenicillin except for a non-pMactamase-producing Bacteroides spp. Thirteen of the 16 tested aerobic isolates were also susceptible to erythromycin (MIC< 1 mg/1). The enterococcal and staphylococcal strains resistant to penicillin were also resistant to erythromycin (MIC > 4 mg/1). The MBCs for aerobes. were above 4 mg/1 (range 4-32 mg/1) except for the Corynebacterium spp. The MBCs for the isolates of Str. intermedius were below 2 mg/1. The MBCs for Bifidobacterium and Lactobacillus spp. were also low but for the other anaerobes were 4 -> 32 mg/1 (Table III) .
Discussion
Because of the controversy over the true taxonomic status of Str. milleri, the term Str. intermedius was used as suggested by Facklam (1984) . If this organism is included the incidences of viridans streptococci in the penicillin group (10%) and in the non- Table III . Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of 84 isolates from blood for phenoxymethyl penicillin (Pc) and erythromycin (ery). The MICs and MBCs were analysed with a tube dilution method
Genus (number of isolates tested)
Slaphylococcus (6)
Corynebacterium (1)
Streptococcus (21)
Peptostreptococcus (2) Peptococcus (6) Veillonella (7) Actinomyces (13)
Bifidobaclerium (4)
Eubacterium (7) Laclobacillus (1)
Propionibacterium (8)
Bacteroides ( treatment group (40%) is similar to the incidence (12% and 40%, respectively) reported by Shanson et al. (1978) . The low number of other viridans streptococci and the high number of anaerobes found in our blood samples may be partially explained by anatomical factors. Str. sanguis and Str. mutans preferentially colonize the supragingival human tooth surfaces and Str. salivarius is mainly found on the tongue. Str. intermedius (milleri), on the other hand, can also be isolated from the gingival crevices (Hamada & Slade, 1980) . Partially erupted third molars, are probably mainly colonized by subgingival plaque bacteria. Thus bacteraemia with Str. mutans and Str. sanguis should be expected less often after this type of surgery compared to conventional tooth extraction. The validity of our results regarding the number and types of viridans streptococci isolated from the blood samples, is further supported by our findings in a parallel comparative study, in which lysis-filtration was at least as effective as a conventional blood cultivation technique for the isolation of viridans streptococci (Heimdahl et al., 1984) . In spite of lower total numbers of micro-organisms in the patients given antibiotics, the incidence of anaerobic bacteraemia during surgery was similar in all three groups: 45%, 45% and 40%. Ten minutes after operation, the incidence of bacteraemia was significantly reduced in the two antibiotic groups (/ > <005). This may be due to a low sensitivity of the microorganisms to the antibiotic administered. Antibiotics and other inhibitory substances in the blood are removed by lysis-filtration (Sullivan et al., 1975) , producing a shortened contact time between antibiotic and micro-organisms. This can also be obtained by the addition of penicillinase to the growth medium (Shanson et al., 1978) but is hard to achieve by additives when erythromycin is used. The incidence of anaerobic isolates in earlier studies has been reported to vary widely from 24-84% (Head et al., 1984) . Reported variations in incidences of bacteraemia after oral surgery may depend on the type of dental manipulation, the patient's clinical condition and the use of local or general anaesthesia (Baltch et al., 1982) . Other factors that may contribute to the diverging results are the route of antibiotic administration, the culture technique, the use of different media (with or without penicillinase), and the intervals between the administration of penicillin and the collection of specimens (Hess et al., 1983a, b) .
In present study, phenoxymethylpenicillin was administered 1-1-5 h before operation, which is in agreement with current recommendations (American Heart Association, 1977). Serum concentrations in our patients were above 1 mg/1 in all persons, which is above the MICs for 83% of the isolates. The patients took their doses of erythromycin just after food intake and 1-5-2-5 h prior to operation, which again is in accordance with the recommendations of the American Heart Association (1977). Different formulations of erythromycin such as the enteric-coated pellets of the base, tablets of stearate or suspension of ethylsuccinate, may give serum peaks at different times (Tjandramaga et al., 1984) . Accurate timing of the dose in relation to the intake of food and the beginning of the operation is also essential.
The low MICs and MBCs obtained for phenoxymethylpenicillin are in accordance with earlier results (Shanson et al., 1978; MacFarlane, Ferguson & Mulgrew, 1984) . The MICs for erythromycin were above 4mg/1 for 13% of the anaerobic isolates. Similar results have been reported by Appleman, Sutter & Sims (1982) . For anaerobes, the MBCs of erythromycin were several steps higher than the MICs. A wide discrepancy between MBCs and MICs is known to influence microbial killing kinetics, thereby increasing the risk of prevention failure (Hess, Dankert & Durack, 1983a) .
We believe that lysis-filtration is useful in detecting anaerobic bacteraemia in patients receiving antibiotics. This study shows that phenoxymethylpenicillin effectively reduces the number of anaerobic bacteria and its efficacy is further supported by the low MICs and MBCs obtained for most isolates. Erythromycin, on the contrary, is less effective in reducing the number of anaerobic bacteria and the high MBCs obtained for the anaerobes should be considered when this agent is used.
